Fungicide use in the United States to manage soybean diseases has increased in recent years. The 25 ability of fungicides to reduce disease-associated yield losses varies greatly depending on multiple 26 factors. Nonetheless, historical data are useful to understand the broad sense and long-term trends 27 related to fungicide use practices. In the current study, the relationship between estimated soybean 28 yield losses due to selected foliar diseases and foliar fungicide use was investigated using annual 29 data from 28 soybean growing states over the period of 2005 to 2015. At a national scale, a 30 significant quadratic relationship was observed between total estimated yield losses and total 31 fungicide use (R 2 = 0.123, P < 0.0001) where yield losses initially increased, reached a plateau, 32 and subsequently decreased with increasing fungicide use. The positive phase of the quadratic 33 curve could be associated with insufficient amount of fungicides being used to manage targeted 34 diseases, application of more-than-recommended prophylactic fungicides under no/low disease 35 pressure, application of curative fungicides after economic injury level, and reduced fungicide 36 efficacy due to a variety of factors such as unfavorable environmental conditions and resistance of 37 targeted pathogen populations to the specific active ingredient applied. Interestingly, a significant 38 quadratic relationship was also observed between total soybean production and total foliar 39 fungicide use (R 2 = 0.36, P < 0.0001). The positive phase of the quadratic curve may suggest that 40 factors like plant physiological changes, including increased chlorophyll content, photosynthetic 41 rates, water use efficiency, and delayed senescence that have been widely reported to occur after 42 application of certain foliar fungicides could have potentially contributed to enhanced yield.
When considered regionally, the total use (MT) of foliar fungicides was 18.7% greater in the 289 southern states (6,451.3 MT) compared to northern states (5,431.2 MT) ( Fig. 2) . Similarly, per 290 hectare total use (g/ha) of foliar fungicides was 521% greater in the southern states (17,437.2 g/ha) 291 compared to the northern states (2,805.7 g/ha) (Fig. 2) . year. Spatially, the greatest and lowest QoI fungicide use, summed across years, was recorded in 302 Iowa and Florida, respectively, while the greatest and lowest DMI fungicide use was recorded in 303 Illinois and Florida, respectively (Fig. 3B ). In general, QoI fungicide use was greater compared to 304 DMI fungicides except in a few states (Alabama, Delaware, Georgia, South Carolina, and South 305 Dakota).
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Relationship between annual soybean yield losses and annual fungicide use at national and 308 regional levels. Table 1 shows the coefficient of determination (R 2 ) and corresponding P-values 309 for the linear and quadratic relationships between yield losses and fungicide use at the national and 310 regional levels. The analysis of the complete data set at the national level revealed a significant 311 quadratic relationship between total yield losses due to foliar diseases (1,000 MT) and total foliar 312 fungicide use (MT) during the period from 2005 to 2015 ( Fig. 4A ). Based on this relationship, the 313 total yield losses initially increased, reached a plateau, and subsequently decreased with increasing 314 fungicide use. When the losses (kg) and fungicide use (g) were considered on a per hectare basis, 315 there was no significant linear or quadratic relationship ( Fig. 4B ). Table 1 . Coefficient of determination (R 2 ) and P-values from linear and second order polynomial 318 (quadratic) regression analyses for the relationship between foliar fungicide use and soybean yield 319 losses due to foliar diseases from soybean growing states in the United States (α = 0.05) at national 320 and regional (north and south) scales. A = relationship between annual total fungicide use (MT) 321 and annual total production loss (1, At a regional level (northern and southern), significant quadratic relationships were observed 329 between total yield losses due to foliar diseases (1,000 MT) and total foliar fungicide use (MT) 330 ( Fig. 4C ). For both regions, the total yield losses initially increased, reaching a plateau with 331 increasing fungicide use. A stronger relationship was observed for the southern states compared 332 to the northern states. When the losses (kg) and fungicide use (g) were considered on a per hectare 333 basis, a significant quadratic relationship was observed for the northern states while no significant 334 quadratic relationship was evident for the southern states ( Fig. 4D ). However, the linear 335 relationship was significant and positive for southern states (Table 1) . Relationship between annual soybean yield losses and annual fungicide use at the state level. Relationship between soybean yield losses and fungicide use over time. Relationship between annual soybean production/yield and annual fungicide use at national 385 and regional levels. Table 4 presents the coefficient of determination (R 2 ) and corresponding P-386 values for the linear and quadratic relationships between soybean production/yield and fungicide 387 use at national and regional level. Analysis of the national level dataset revealed a significant 388 quadratic relationship between total annual soybean production (1,000 MT) and total annual foliar Relationship between annual soybean production/yield and annual fungicide use at state 415 level. Relationship between soybean production/yield and fungicide use over time. The current paper seeks to understand the patterns of foliar fungicide use and its relationship with 485 soybean yield losses due to fungal pathogens (targets of fungicides considered in the study) at 486 broader geographic (national/regional/state) and temporal scales. The trends that we see at such 
